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Abstract 

We present a complete spatial and dynamical study of the poorly populated stellar system ESO65SC03. The 
radial distribution of the system gives a core and cluster radii of 1.10±0.63 arcmin and 5.36± 0.24 arcmin, 
respectively. The surface number density profile (SNDP) does not show any clear enhancement of the 
surface stellar number density between the stars of the system and the field regions. We derive the optimum 
isochrone solution for a particular grid size in the colour-magnitude diagram (CMD) using the statistical 
cleaning procedure. Using the statistically cleaned CMDs, we find the distance modulus, (m — M)o, and 
reddening, E{B — V), of the system to be 11.8T0.2 mag and 0.45 mag, respectively. The mean proper 
motion of this system is —5.37±0.81 mas/yr and 0.31±0.40 in RA and DEC directions, respectively. The 
mean proper motion of this system is found to be almost similar to the field region. The mass function for 
the brighter stars is found to be too high for the system to be an open cluster. These combined results place 
constraints on whether stellar system ESO65SC03 is a possible open star cluster remnant (POOR) or an 
Asterism. Our understanding is that the ESO65SC03 is in a stage of POOR by loosing their main sequence 
stars in the dynamic evolution processes. 
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1 INTRODUCTION 

The comprehensive study of the Open Star Clusters 
(OCs) and their basic parameters provide a funda¬ 
mental database to understand the Galactic evolu¬ 
tion processes. Due to the dynamic evolution pro¬ 
cesses such as stellar encounters, interactions with 
the Galactic tidal field, etc., a significant fraction of 
the cluster stars are gradually lost to the field re¬ 
gions. The main effects of dynamical interactions are 
mass segregation and evaporation of low-mass members 
(lAndersen ik Nordstrom 20001 Patat &: Carraro 19951 
ICarraro 2006^ . Studying the sparse region (the halo) 
along with the dense central region (the core) is there¬ 
fore necessary to understand the evolution of any clus¬ 
ter. It is believed that the poorly populated OCs 
(PPOCs) do not survive longer than a few hundred 
Myr, whereas rich ones may survive for a longer pe¬ 
riod (Tan ikawa &: Fukushige 2005} ICarraro et al. 20051 
IBonatto et al. 20121) . The photometric and structural 
properties of such PPOCs are similar to those of As- 
terisms which sometime creates conflicting classifica¬ 
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tions (|Bica fc Bonatto 2011|l . The PPOCs may have 
a RDP characterised essentially by a central over¬ 
density together with significant noise outwards, typ¬ 
ical features of an asterism. In these cases, only the 
CMD morphology may provide clues to the overden¬ 
sity nature (IBonatto fc Bica 2008^ . In order to under¬ 
stand the difference between sparse clusters and as- 
terisms as well as to find out any possible connec¬ 
tion between them, we studied a poorly populated 
stellar system with a stellar enhanced region includ¬ 
ing PPOCs. For this, we searched PPOC systems in 
the WEBDA database and all available catalogues on 
VIZIER services. Kharchenko et al. (I2013|l and Dias 
et al. (120141) compiled several catalogues for opti¬ 
cally visible and candidate OCs containing several ba¬ 
sic spatial parameters of the cluster. We selected one 
such poorly populated stellar system ESO65SC03 for 
this study and extracted the data from various cata¬ 
logues namely, 2MASS (|Skrutskie et al. 2006|) . WISE 
dWright et al. 2010 ), SPM4.0 ([Girard et al. 2011)) and 
UCAC4 (|Zacharias et al. 2013p . 

The Two Micron All Sky Survey (2MASS; Skrutskie 
et al. 2006) has provided the photometric data of 410 
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million objects in J (1.25 urn), H (1.65 /im) and K 
(2.17 /im) bands. The limiting sensitivity of J, H, 
K bands with Str are 17.1 mag, 16.4 mag and 15.3 
mag, respectively. The JHK — 2MASS system gives 
more accurate isochrone fitting for the lower portions 
of CMDs which improve the turnoff points, distance 
modulii, ages and photometric membership of the 
clusters. Furthermore, this catalogue is a homogeneous 
database which allows us to observe young clusters 
in their dusty environments and reach out to their 
outer regions which is dominated by low mass stars 
(ITadross 20111) . The Wide-field Infrared Survey Ex¬ 
plorer (WISE; Wright et al. 2010) is a NASA Medium 
Class Explorer mission that conducted a digital imag¬ 
ing survey of the entire sky in the mid-IR bands. The 
effective wavelength of mid-IR bands are 3.4 /rm (ITi), 
4.6 /rm (IT 2 ), 12 /rm (W 3 ) and 22 /rm (IF 4 ). The 
SPM4.0 Catalogue provides position, absolute proper 
motions and photographic BV photometry for over a 
hundred million stars and galaxies between the south 
celestial pole and -20 degrees declination and it is 
roughly complete down to V=17.5. It is also based on 
the photographic and CCD observations taken with 
the Yale Southern Observatory’s double-astrograph 
at Cesco Observatory in El Leoncito, Argentina 
([Girard et al. 20fT1l . UCAC4 ([Zacharias et al. 2013|) is 
an all-sky star catalogue covering mainly 8 to 16 mag 
stars in a single passband between V and R. Further¬ 
more, the positional errors are about 15 to 20 mas for 
stars in the 10 to 14 mag range. The proper motion in 
this catalogue have been derived for around 113 million 
stars utilizing about 140 other star catalogs (including 
old SPM catalogue, Hipparcos and Tycho) with signifi¬ 
cant epoch difference to the UCAC4 CCD observations. 
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Figure 1. The finding chart (20'x20') of stellar system 
ESO65SC03 in Wi band of WISE taken from IRSA webportal. 
The field region starts after the radial distance of 5.36 arcmin 
(limiting radius shown in red circle) and ends in 7.58 arcmin 
(shown in blue circle). The region inside the black circle is the 
system region which is upto 5.36 arcmin radial distance (shown 
in black circle). 


of WISE image as illustrated in Fig.I. The detailed es¬ 
timation of the system parameters are discussed in the 
following sub-sections. 


In the present paper, we derive the basic parame¬ 
ters and study the dynamic evolution of the stellar sys¬ 
tem ESO65SC03. This system is described as an op¬ 
tically visible sparce OSC in the Southern hemisphere 
([Kharchenko et al. 2013[1 . The basic parameters and the 
dynamical properties of this system has never been 
studied in detail. Along with studying the dynamic evo¬ 
lution of this system, we also aim to find out whether 
it is a Possible Open Cluster Remnant or Asterism. 

2 SPATIAL STRUCTURE OF SYSTEM 

The classification of poorly populated stellar systems 
like ESO65SC03 is a challenging task due to the similar¬ 
ities in over-density between sparse OCs and asterisms. 
The estimation of structural parameters and dynamical 
properties of poorly populated stellar systems can be 
used as an excellent probe for their classification and 
to find out any evolutionary connection between them. 
Using the estimated radius in section 2.1, the extent of 
the system is drawn with a black circle in the W 1 band 


2.1 RADIUS OF STELLAR SYSTEM 

A structural study of the system ESO65SC03 has been 
carried out using those stars which were detected in 
each of the 2MASS bands (J, H and K) and their cor¬ 
responding errors in magnitude <0.1 mag. These stars 
were used to identify the system coordinates using max¬ 
imum stellar counts per unit area. The radial stellar 
densities were estimated by taking the concentric rings 
from the center of system with unit arcmin width, hav¬ 
ing maximum stellar counts and fitted with the King 
model ( [King 1966| ). If the fit was not perfect, we se¬ 
lected the next unit cell with maximum stellar counts 
until we achieved the best fit. Finally, we determined the 
center of the stellar system as a = 12 ^ : SI™ : 19.7®, S = 
—69° : 43 : 21.6 and the equivalent Galactic coordi¬ 
nate as I = 302.91'’*, b = —6.84'* which is consistent with 
the Kharchenko et al. (I2013II . 

The derived radial density profile (RDP) of the sys¬ 
tem is shown in Fig 2. The modified king empirical for¬ 
mula [pr — po = /o(l + (t'/t'c)^)”^, Kaluzny & Udalski 
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(|1992|1 ] is drawn with the RDP of the cluster and it gives 
the peak stellar density (/o), core-radius [tc) and back¬ 
ground stellar density (po) as 2.3±1.3 stars/arcmiri^, 
1.1±0.6 arcmin, and 3.2±0.1 stars/arcmiv?, respec¬ 
tively. Here, the core radius of any stellar system is the 
radial distance from its center where the enhanced stel¬ 
lar density above background level becomes half of that 
of the center. The radius of the system is defined as 
the distance from the center of the system to the point 
where the stellar enhanced density is not separated from 
the field region. After adding the Icr correction in the 
background stellar density, we found the radius to be 
5.36±0.24 arcmin. 

Limiting radius of any stellar system is defined as a 
radial distance, after which no stars are gravitationally 
bound to the stellar system. It is independent of the 
background stellar density and only depends on peak 
stellar density, core radius and estimation in the er¬ 
ror of the background stellar density. The Bukowiecki 
et al. Ij2011ll relation [rum = rc^/fo/^^bg — 1) is used 
to estimate the limiting radius (rumit) of the cluster 
that comes out to be 2.96±1.19 arcmin, which is sig- 
nihcantly smaller than the radius of the stellar system. 
Since, the system is gravitationally bound within ^ 3 
arcmin and the model stellar radius is larger than ex¬ 
pected gravitational attraction, therefore, the said stel¬ 
lar system may not be fall on the category of OCs. We 
found the spatial components of this system as Al = 
1.24 kpc, Y = -1.92 kpc and Z = -0.27 kpc. The Galac- 
tocentric distance of the cluster is computed to be about 
7.51 kpc. Our estimated core-radius and system-radius 
are in close agreement with those determined by the 
Kharchenko et al. (|2013l) . 


2.2 SURFACE NUMBER DENSITY 
PROFILE 

The number of stars per magnitude interval in unit area 
is defined as the surface number density (SND), a{r, m), 
and is a function of stellar magnitude and radius from 
the center ( |Sung et al. 1996D . We computed the a{r,m) 
for both the system and field regions as drawn in Fig. 3. 
We see that the a(r, m) of each region increases towards 
the higher magnitude end of each region. The SND pro¬ 
file of the system indicates that the system region have 
enhanced brighter stars compared to the fainter stars. 
The system stars are further divided into two groups 
through their SND profiles namely a) brighter stars 
group (BSG), b) fainter stars group (FSG). A separa¬ 
tion at about 13 mag has been taken as cut-off magni¬ 
tude between BSG and FSG group of stars. A vertical 
line separating the two groups for both the regions is 
shown in Fig. 3. The SND profiles of system and field 
regions give different slopes (m = ) for BSG and 

FSG which is estimated as 0.40±0.05 and —0.28±0.13, 



Radius(arcmin) 

Figure 2. The radial density profile (RDP) for the field of 
ES065SC03. The blue dashed line represents the best fit empirical 
profile on the cluster RDP. The pink line represents po + apg, 
where apg is the error in the estimation of field stellar 
density (po). 
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Figure 3. The distribution of logarthim value of stellar num¬ 
ber density versus J magnitude. The black points represent the 
logarithm SND values for the system region while blue points rep¬ 
resent same for the field region. The solid vertical line has been 
used to seperate the BSG and FSG stars of the stellar system. 


respectively. For the field region, the slope of BSG and 
FSG are estimated as 0.60±0.11 and —0.07±0.09, re¬ 
spectively. The slope of the BSG for the field region is 
found to be steeper than the system region while oppo¬ 
site is found for FSG. 

2.3 COLOUR-MAGNITUDE DIAGRAM 
(CMD) 

There is a possibility of some stars getting rejected from 
the system membership, if the choosen field region has 
more area than the system region. Whereas, if the area 
of the choosen field is less, the probablity of the field 
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Figure 4. J vs (J-K) CMD for the system, a) The cluster and the field stars are represented by red and green dots, respectively, 
b) CMD for the remaining stars after the field star subtraction through statistical method (grid size, A J = 0.20, A(J — H) = 0.05, 
A{H — K) = 0.05). The dashed lines represent the cluster evolutionary sequence while dotted lines represent the sequences beyond 
which CMDs may be contaminated by field stars. The black points represent possible residual field stars, c) CMD for the remaining stars 
after the field star subtraction through statistical method with increased grid size (AJ = 0.50, A(J — H) = 0.20, A{H — K) = 0.20) 
(see text for detail). 


stars in the stellar system is increased. In either case, 
the observed CMD must get deformed, thereby increas¬ 
ing the inaccuracy in estimation of the system parame¬ 
ters. Therefore, we have considered the area of the field 
region as 90.29 arcmin^ which is equal to the area of the 
stellar system. Our field region begins after the radial 
distance of 5.36 arcmin from the centre as shown in Fig 
1. The field star decontamination is necessary for reduc¬ 
ing the color-scattering on the CMDs. The field stars 
are removed by comparing the magnitude and colour 
similarities of stars between the stellar system to the 
field region. Based on the following criteria, the stars 
are excluded from the stellar enhanced region: 

• The obtained J-band magnitude difference be¬ 
tween star in the system is not more than of 0.20 
mag from the star of the field region at the same 
place in the CMD. 

• The colour difference {J — H) oi stars between sys¬ 
tem and field regions is not more than 0.05 mag. 

• Similarly, the colour difference [H — K) of stars 
between system and field regions is not more than 
0.05 mag. 


We define a term Dmc = a/ A j -|- A -b which 
is the summation of color and magnitude differences 
of the field star and the star in the system, which fall 


within the grid of above specifications. We removed the 
star from the grid whose Dmc is minimum. After iter¬ 
ating the procedure for each field region star, we found 
112 stars on the statistically cleaned CMDs. 

The statistical approach depends on the color and 
magnitude grid size. If the boundaries of the grid size 
is increased, the system stars may get excluded from 
the membership of the stellar system and if the grid 
size is decreased, there is a possibility for the field stars 
to remain in the stellar system. Thus, the optimum 
grid size is chosen in such a way that the main se¬ 
quence pattern appears in the observed CMD. Before 
the field star decontamination, no such pattern was vis¬ 
ible while after the decontamination of the field stars, 
we see a clear main sequence pattern (Fig 4-b). We no¬ 
ticed an almost vertical sequence of stars with 
( J — Ar)~0.8 and J fainter than 13 mag in the 
2MASS decontamination CMD. This vertical se¬ 
quence represents residual field star contamina¬ 
tion. These residual field stars are removed from 
the decontaminated CMD by taking grid size 
as A J = 0.5, A( J -H)= 0.2 & A{H - K) = 0.2 but 
exact cluster evolutionary sequence is not oc¬ 
curred in the decontaminated CMD (Fig 4-d). In 
this scenario, the estimation of system parame¬ 
ters may not be possible, therefore, we have de¬ 
rived parameters through decontaminated CMD 
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as obtained by applying the earlier grid size. The 

limitation of this approach, however, is that the cluster 
characteristics depend on the size of the grid. 

The observed CMDs of the stellar system are used 
to determine the model distance, age and reddening 
of the system by comparing them with the theoret¬ 
ical stellar isochrones. To test a suitable number of 
possible isochrone solutions, we first determined ini¬ 
tial values for each physical parameter by visual inspec¬ 
tion [log(T)i, {m — M)i, {J — K)i ] and subsequently 
we investigated a large parameter space in an itera¬ 
tive manner. Our isochrone solutions typically span the 
physical ranges as log{T) = log{T)i ± 0.05, (m — M) = 
{m - M)i ± 0.50 and {J - K) = {J - K), ± 0.10. We 
used the solar metallicity isochrones of log(age)=8.75 of 
UBVRIJHK photometric system (|Marigo et al. 20081 
in J vs (J - K) CMD (Fig 4-b). Through these CMDs, 
we found the apparent distance modulus of J-band i.e. 
(to — M) J, and log(age) of the system as 12.06 mag, 
and 7.75 Myr, respectively. Furthermore, the color- 
excess, E{J — K), is estimated as 0.22 mag. The ob¬ 
tained log(age) value is in close agreement with that 
given by Kharchenko et al. (|2013p . The obtained age of 
stellar system is however higher than that of sparse OCs 


(jBonatto et al. 20121 Tanikawa & Fukushige 2005). 

The Fiorucci & Munari (l2003p relations = 

0.309±0.130, e{b-V) = 0.485±0.150) have been used 
to estimate the reddening i.e. E{B — V) and E{J — El), 
which are estimated as 0.45 mag and 0.14 mag, re¬ 
spectively. The corresponding absolute distance modu¬ 
lus [(to — M)o = (to — M)j — 1.125E{J — K)] and dis¬ 
tance obtained as 11.81±0.25 mag and 2.30±0.35 kpc, 
respectively. The error in these values are estimated by 
considering the errors of Fiorucci & Munari (|2003p rela¬ 
tions. Kharchenko et al. (j2013p estimated the apparent 
distance modulus, reddening and distance as 12.6 mag, 
0.56 mag and 3.05 kpc, respectively which is slightly 
different than our obtained values. 


2.4 TWO COLOUR DIAGRAMS (TCDs) 

Two color diagrams are useful to derive the relation¬ 
ships among various colours. The color ratio, 

and (B-^) h ’ obtained as 0.19±0.01 mag and 
0.30±0.03 mag, respectively and the resultant plots 
are shown in Fig 5(a & b). The {Vph — J) vs (J — K) 
TCD are utilized to estimate the interstellar extinc¬ 
tion in the near-IR. The best fit in this TCD gives 
a colour-excess of E{Vph — K) — 0.90±0.05 mag and 
E{J — K) = 0.17±0.19 mag. We used Whittet and van 
Breda (119801) relation to estimate the reddening vec¬ 
tor, Rciuster=l-lE(y — K)/E{B — V) in the direction 
of system. We have found this vector as 2.2 which is 
far-off from the normal value of 3.1. Dutra et al. (|2002p 
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Figure 5. The {Vph ~ vs (J — K) TCD for statistically 
cleaned members of system. The green dotted line shows the solar 
metallicity isochrone for log(age)=8.75, while the two solid arrows 
indicate the direction of the normal reddening vector. The blue 
dotted line is obtained by using reddening as E{V — K) = 0.90 
mag and E{J — K) = 0.17 mag. 


Table 1 The various color ratios are given in the table. The third 
column represents the estimated normal colour ration through 
Rciuster Neckel and Chini relation (I1981D while the value in 
fourth column represents the expected normal colour ratio values. 


Colour 

Ratio 

Obtained 

slope 

Estimated 
normal slope 

Expected 
normal value 

Vph-J 

iB-V)ph 

1.34±0.11 

1.89±0.19 

1.96 

Vph-H 

(B-V)ph 

1.52±0.13 

2.14±0.27 

2.42 

Vph-K 

{B-V)ph 

1.66±0.14 

2.34±0.32 

2.60 

Vph-Wi 

{B-V)ph 

1.69±0.20 

2.38±0.48 

- 

Vph-W2 

{B-V)ph 

1 . 68 ± 0.20 

2.37±0.47 

- 


relation = 0.112 yields the as 0 . 11 . In fact, nor¬ 
mal reddening law (i?y=3.1) is expected in the line of 
sight of the cluster in the absence of dust and interme¬ 
diate stellar gases ([Snedden et al. lOTSt . So, we have 
concluded that system region is affected by interstellar 
gases and dust. 

Further, the TCD are used to examine the nature of 
variation of color-excess with increasing wavelength and 
normal colour ratio values in the direction of system. 
For this purpose, the {Vph — A) vs {B — V)ph (A is one 
of J, H, K, Wi and W 2 bands.) plots are constructed 
in Fig 5(c) and the resultant colour ratios {mduster) 
are listed in Table 1. This clearly indicates that the 









































6 


Joshi et al. 



i^-% 

(c) 


Figure 6. The {Vph — vs (J — K) and {B — V)ph vs (J — 
K) (a Sz b) TCDs for the system’s members which are found 
SPM catalogue. The dotted straight line represents the best linear 
fit. The lower panel represents the {Vph — ^)/{B — V) diagrams 
where A have indicated any one photometric band from J, K, 
Wi and W 2 bands. 


value of rriciuster increases from J to Wi. To derive the 
normal values for various colour-ratios, we have used the 
following approximate Neckel & Chini (|198ip relation, 

_ ^normal 

'^normal — ^cluster ^ 

^cluster 

The present estimated normal values are close to known 
values. The variation of these values may be occurred 
because photographic plate are less sensitive to mea¬ 
surement of stellar magnitudes and have more errors. 

2.5 PROPER MOTION OF THE SYSTEM 

We found a total of 158 stars in statistical cleaned J vs 
(J-K) CMD. We have also drawn a colour-magnitude 
filter around the best fitted isochrone as shown in 
Fig. 4(b) by dotted lines. A total of 73 stars are found 



Figure 7. The open circles are depicted the location of stars 
at fix — f^y plane based on the proper motion of the system in 
SPM4.0 catalogue for the member of the stellar system. The filled 
circles represent the same using the UCAC4 catalogue. 


inside the colour-magnitude filter, which are defined 
as the main sequence (MS) stars and considered for the 
proper motion study (depicted by red dots in Fig 4- 
b). The mean proper motion of this stellar system is 
estimated using two different catalogues. Using a cri¬ 
terion of 1 arcsec uncertainity, a total of 62 and 69 
MS stars matched with the UCAC4 and SPM4.0 cata¬ 
logues, respectively. The stars which do not fall within 
3 a value of the mean are rejected. Using proper mo¬ 
tions values from UCAC4 catalogue for 59 remaining 
MS stars after 3 a clipping, the mean proper motion val¬ 
ues of the stellar system is found to be fix = —2.42±0.99 
mas/yr, and fly = —2.18±0.78 mas/yr in RA and DEC 
directions, respectively. Similarly, the mean proper mo¬ 
tion values of remaining 61 MS stars, as found through 
SPM4.0 catalogue, are found to be —5.37±0.81 mas/yr 
and 0.31±0.40 mas/yr. One can see that both the cat¬ 
alogues have different number of stars and give differ¬ 
ent values of mean proper motion. Since, the uncertain¬ 
ties in the stellar proper motion values of the SPM4.0 
catalogue is less than UCAC4 catalogue, therefore, we 
considered the mean proper motion of the system fix 
= —2.42±0.99 mas/yr, and fly = —2.18±0.78 mas/yr 
in RA and DEC directions, respectively as obtained 
through the former catalogue. Our obtained proper mo¬ 
tion do not match with that estimated by Kharchenko 
et al. (I2013|) using the PPMXL catalogue (/la;=-14.54 
mas/yr, /iy=4.63 mas/yr). 

When we consider all the stars in Fig4(b) without 
any colour-magnitude filter, and adopting the same 
approach as above using the SPM4.0 catalogue, we 
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found a mean proper motion of jlx = —4.96±0.56 and 
fly = 0.43±0.32 for the system. This value is similar to 
the mean proper motion = —4.45±0.32 mas/yr and 
fly = 0.48±0.23 mas/yr estimated for the field region. 
For gravitationally bound cluster system, this result is 
unexpected. Hence, we could not separate out the stars 
between the system and field regions on the basis of 
proper motion membership probabilities. 


3 DYNAMICAL STUDIES OF SYSTEM 

The dynamical properties provide the information 
about the member evaporation rate, moving direction 
of cluster members and the strength of gravitational 
interaction within systems. In order to understand the 
dynamical behavior of OCs, the mass function and mass 
segregation within the cluster are looked into. We stud¬ 
ied the dynamical properties of the system by assum¬ 
ing two sample of stars. The first SAMPLE-A con¬ 
tains those stars which are found on statistically cleaned 
near-IR CMDs. The second SAMPLE-B consists of 
those members which are common among SAMPLE-A, 
2MASS catalogue (near-IR survey) and WISE catalogue 
(mid-IR survey) within 1 arcsec uncertainty. Generally 
the brighter stars are found in almost all filters but de¬ 
tection of fainter stars varies from filter to filter. This is 
because the completeness factor of stars gradually de¬ 
creases towards the fainter end of stellar magnitude, as 
indicated by several completeness studies for different 
filters in the past (|,Ioshi et al. 2014p . By studying two 
different samples, we can understand the effect of stel¬ 
lar incompleteness on dynamical behavior of the system. 
Table 2 lists all the stars of SAMPLE-A and SAMPLE- 
B in various H-band magnitude bins. The analysis of 
dynamical study of these samples is described below. 

3.1 MASS FUNCTION 

During the process of star formation, the distribution 
of stellar mass per unit volume is defined as the initial 
mass function (IMF) which determines the subsequent 
evolution of the cluster ( |Kroupa 2002D . The direct esti¬ 
mation of the IMF is not possible due to the dynami¬ 
cal evolution of the cluster. However, we can derive the 
mass function (MF), which is the relative number of 
stars per unit mass and can be expressed by a power 
law A(logM) oc M^. The slope, F, of the MF can be 
determined from 

^ ^ dlogA(logm) 
dlog m 

where N log(m) is the number of stars per unit loga¬ 
rithmic mass. The masses of probable cluster members 
can be determined by comparing observed magnitudes 
with those predicted by a stellar evolutionary model if 
the age, reddening, distance and metallicity are known. 
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Table 2 The MF of the cluster ESO 65 03 derived from cleaned 
(H-K)/H CMD through (a) stars from 2MASS catalog and (b) 
common stars between WISE and 2MASS (represented by suffix 
A and B respectively). 


H range 
(mag) 

Mass range 
Mq 

m 

Mq 

log{m) 

Na 

Nb 

08-09 

2.567-2.564 

2.566 

0.409 

02 

02 

09-10 

2.564-2.561 

2.562 

0.409 

11 

10 

10-11 

2.561-2.553 

2.557 

0.408 

10 

09 

11-12 

2.553-2.438 

2.495 

0.397 

15 

11 

12-13 

2.438-2.058 

2.248 

0.352 

14 

14 

13-14 

2.058-1.500 

1.779 

0.250 

43 

29 

14-15 

1.500-1.112 

1.306 

0.116 

30 

14 

15-16 

1.112-0.850 

0.981 

-0.008 

29 

05 

H range 

log{^)A eiog(,s>)A 

log{<^)B 

Slog(^)B 

08-09 

3.595 

0.707 

3.595 

0.707 

09-10 

4.335 

0.302 

4.294 

0.316 

10-11 

3.867 

0.316 

3.821 

0.333 

11-12 

2.875 

0.258 

2.740 

0.302 

12-13 

2.279 

0.267 

2.279 

0.267 

13-14 

2.496 

0.152 

2.325 

0.186 

14-15 

2.363 

0.183 

2.032 

0.267 

15-16 

2.395 

0.186 

1.632 

0.447 


The MF values estimated for the cluster are listed in 
Table 2, while the variation of MF with average mass 
in different magnitude bins are shown in Fig. 8. 

To determine the MF slope, we have only used main 
sequence stars which having H-magnitude greater than 
12 mag. The mostly brighter stars may be giants mem¬ 
bers of systems, therefore, they have excluded to esti¬ 
mation of MF slope. The MF slope value F is found 
to be 0.07±0.42 for the mass range from 2.44 Mq to 
0.85 Mq which is low numerical value compared to the 
Salpeter value [Salpeter (|1955ll gave the classical slope 
of -1.35 for the stars of mass range 0.4 Mq to 10 Mq] 
and have positive slope. Such flatness/positive value 
of MF slope may be due to the dynamical evolution, 
rather than the intrinsic difference in the initial MF 
(Nilakshi & Sagar 20021. The stellar incompleteness in¬ 
creases toward the fainter end of photometric magni¬ 
tude and consequently reduce the MF value thereby 
increasing the flatness of the MF slope. The MF val¬ 
ues have also been computed for SAMPLE-B members 
of stellar system. The purpose of computing the MF 
values for SAMPLE-B members was to find out any 
correlation between ME values and the common stel¬ 
lar fraction of stars in various photometric regions. The 
ME value of the stars from SAMPLE-B increases as the 
average mass of the stars increases from 0.85 Mq to 
2.57 Mq. Brighter stars are vital members to identify 
any cluster. However, even after the cleaning, the field 
stars may still be present in the fainter end. The MF 
value depends on the number of stellar members, hence 
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Figure 8. The variation of logarithm MF with the logarirhm 
of average mass of members. These quantities have been co¬ 
muted using members as leftover after field star decontami¬ 
nation through the statistical procedure. The figure A and B 
are represented the said plot for members of SAMPLE-A and 
SAMPLE-B. 


the MF value should increase in presence of the residual 
field stars. However, the stellar incompleteness gives the 
opposite result, which is much effective and prominent 
compared to the effect of residual field stars. The corre¬ 
sponding MF slope value for SAMPLE-B is 1.68±0.67 
which is numerically comparable with the Salpeter value 
but opposite in slope. Since, the stars of SAMPLE-B are 
found in both 2MASS and WISE catalogues, the com¬ 
mon stellar fraction of stars in both catalogues gradu¬ 
ally decreases towards the end of fainter stars. Due to 
the incompleteness of the data, in terms of the num¬ 
ber of common stars, we expect the MF slope increases 
towards the positive slope value. 

3.2 MASS SEGREGATION 

Through the process of Mass segregation, the stellar en¬ 
counters of the cluster members are gradually increased. 
Furthermore, the higher-mass cluster members gradu¬ 
ally sink towards the cluster center by transferring their 
kinetic energy to the more numerous lower-mass stel¬ 


lar members of the cluster (|Yadav et al. 201^ . For the 
investigation of the dynamical evolution and mass seg¬ 
regation phenomenon due to the energy equipartition, 
the cluster stars are divided into two mass range of 
2.567 <Mq < 2.438 and 2.438 <Mq < 0.850. The cu¬ 
mulative radial stellar distribution of stars for various 
mass ranges are shown in Fig 8. This clearly indicates 
that the mass segregation effect is present in the stellar 
system, and the radial commutative distributions of var¬ 
ious mass groups are seen separately from system center 
to a distance of about 4.2 arcmin from the centre. The 
Kolmogorov-Smirnov (K-S) test have been performed 
for verifying the same kind of mass distribution. Using 
the relation «i "2 have also estimated the 

-v ni+n2 

value of mass segregation for the system, where D is 
the maximum distance between two cumulative radial 
distribution of stars and ni and 712 are the number of 
stars found for various mass range. For the SAMPLE-A 
& SAMPLE-B the value comes out to be 4.14 (con¬ 
fidence level is 87%) and 3.38 (confidence level is 81%), 
respectively. On the basis of this K-S test, we conclude 
that mass segregation phenomenon is more for the stars 
of SAMPLE-A than the other sample. 


4 DISCUSSION 

The PPOCs and Asterisms have similar structural prop¬ 
erties (jBica fc Bonatto 201 ip but only differ in their 
comprehensive structural and dynamical studies. The 
over-density profile does not provide any clue for their 
type. However, SNDP may provide us with an in-depth 
knowledge of their charactericstics. The Figs. 4(b) and 
4(c) show the dependency of observed MS on Grid 
size of statistically cleaned procedure. The smaller grid 
size of Aj = 0.20, Ajh = 0.05, Ahk = 0.05 provides 
the MS pattern for the stellar system as well as the 
isochrone solution. We do not find any MS pattern 
on the observed CMD when the grid size is increased 
to Aj = 0.50, Ajh = 0.20, Ahk = 0.20 which is less 
than the typical grid sizes of sparse clusters. Thus the 
grid size did not provide any useful information about 
the MS characteristics of the stellar system. 

Using two different catalogues [PP- 
MXL (|RoAser et al. 20i0)l and UCAC4 
(IZacharias et al. 2013|) ]. Joshi et al. (|2014p found 
that the proper motion of the OC NGC 559 is similar 
to each other within their given uncertainities. Due to 
the low subtraction efficiency of the field decontamina¬ 
tion procedure, the mean proper-motion of the system 
may get shifted towards the proper motion centre 
of the field regions, as expected. The mean proper 
motion value of the field and the system regions, as 
estimated by us, are almost similar. As a result, the 
low subtraction efficiency of the field decontamination 
have negligible effect on the mean proper motion of 
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Table 3 The structural and dynamical parameters of stellar system have been listed here. In this table, G.D. and H.D. represent 
Galactocentric distance and Heliocentric distance respectively, while other notations are described in text. 


G.D. 

H.D. 

A 

Y 

Z 

{m - M)j 

E{J -K) 

E{B - V) 

MF slope 

(kpc) 

(kpc) 

(kpc) 

(kpc) 

(kpc) 

(mag) 

(mag) 

(mag) 

- 

7.51 

2.30±0.35 

1.24 

-1.92 

-0.27 

12.06 

0.22 

0.45 

0.07±0.42 



Distance (in arcmin) 



Figure 9. The radial density cumulative distribition of stars for 
various mass groups. The mass segregation phenomenon for the 
star groups are shown. The red and green lines represent the mass 
range : 2.567 <Mq < 2.438 and 2.438 <Mq < 0.850 respectively. 


the system. The stellar density of the system will 
increase due to the low subtracting efficiency, lead¬ 
ing to the increased MF but the slope value of MF 
decreases due to the stellar incompleteness. In our 
study, the effect of later is more dominant than the 
low subtracting efficiency. However, if the corrected 
completeness factor is applied to the stellar system, 
the slope of the MF may increase. Due to fainter 
members of ESO65SC03 we also found the flat MF 
slope indicating more evolved members. In addition, 
the MF values of brighter members of the system is 
too low for it to be an OC. The typical MF value for 
brighter members of any OC reported is much lower 
than our value (ILata et al. 20141 IJoshi et al. 20141 
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IGlushkova et al. 20131 lYadav et al. 20131 

ITadross et al. 201^ ITadross 20111 IBhatt et al. 201^ 
ISharma et al. 20?)^ . There is also a possiblity that the 
lighter members of this system has already evaporated 
from its central region as expected by the phenomenon 
of Mass Segregation. 


5 CONCLUSION 

The stellar enhancement over the field region is clearly 
visible in the RDP of ESO65SC03 and the enhancemnt 
in the SNDP is only due to the brighter members of the 
system. Since the SNDPs of the field and system regions 
are intersecting each other at several points, the system 
does not seem to be an open star cluster. On the other 
hand, the limiting radius is found to be significantly 
smaller than the cluster radius which is unexpected for 
an OC system. We estimated the age, heliocentric dis¬ 
tance, galactocentric distance and reddening of the sys¬ 
tem as 562 Myr, 2.30±0.35 kpc, 7.51 kpc and 0.45 mag, 
respectively. 

The Two-Color diagrams for this system indicate that 
the color excess values [E[Vph — A)] increases from J- 
band to Wi-band. Our photographic color-ratio val¬ 
ues for the stellar system is less than the typical 
[E{Vccd — A)] values found through CCD observa¬ 
tions. The mass function value for the brighter stars 
is too low for the system to be an OSC. However 
for stars with mass 2.57 < Mq < 0.85 the ME slope 
is found to be 0.07±0.42 indicating that most of the 
stars are evolved from the MS. The ME slope for the 
common stars between WISE and 2-MASS catalogue is 
1.68±0.67 which indicates that the MF slope increases 
towards the positive value due to the incompleteness ef¬ 
fect. The system also shows the mass segregation phe¬ 
nomenon. The number of stars in the system are found 
to be about 6.5% more than that of the field region. 
Based on all the above said factors and considering the 
criteria suggested by Pavani et al. (I201ip . we conclude 
that ESO65SC03 may not be a normal star cluster but a 
possible open cluster remnants (POCR). Since, we get 
an isochrone solution for system by applying limiting 
grid size in statistical field star decontamination proce¬ 
dure, therefore, the possibility of system as a Asterism is 
ruled out. We conclude that ESO65SC03 is reached at a 
stage of POCR by losing their MS stars in the dynamic 
evolution processes through the tidal effects and stellar 
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encounters. A further multi-bands analysis is required 
to conclude the exact nature of this system. 
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